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Abstract 

Companies are faced with the need to address their product development challenges innovatively in 

order to stay competitive in today’s market. One way of doing that is the integration of lean thinking in 

their product development process. However, due to the lack of clear understanding of the lean thinking 

performance measurements, the near absent of a holistic and unifying measuring method and the near 

or non-existence of an evaluating conceptual model to allow for the evaluation of the performance of the 

lean product development processes, many companies are unable to fully implement the lean thinking 

principle in their Product development process. In dealing with these issues, this study has therefore 

proposed a conceptual model which is based on some core critical success factors for the examination of 

lean performance in the product development process. 

Keywords: Lean product growth; Lean practices; Logical model; significant success factors.  

 

Introduction 

         Lean thinking which is an improvement philosophy was first developed by the Toyota 

Motor Company, primarily to eliminate waste from the production system. However, in recent 

years, these thinking have been extended to other areas including the product development 

process. According to Paschkewitz (2011), applying lean thinking practices in new product 

development can help save the huge resources normally spent fighting sudden quality and 

reliability issues, it can lead to faster product development and cycle time, reduction in warranty 
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costs, easier and cheaper manufacturing processes. Also, it can result in high-quality suppliers 

products since the suppliers are involved in the development process of the product, as well as 

increase sales due to reliability in the products by customers, and finally it can create an 

atmosphere and culture of doing things right the first time.  

Despite the many benefits and high hopes in the lean strategy, many companies are still 

struggling, and  unable to neither achieve nor sustain substantial positive results with their lean 

implementation efforts (Aikhuele & Turan, 2016b; Stenius, 2011). In the work by León & Farris 

(2011), they suggested that, one of the major issue affecting the efficient administration and 

implementation of lean product development practices in companies lies in the absent of  a 

unified and holistic model for assessing the performance of lean product development practices 

and in tracking their progress as they seek to achieve efficient and effective lean product 

development process executions. Letens et al., (2011), claim the poor implementation of lean 

product development practices is due to the lack of clear understanding of lean practices and 

their characteristics. While Stenius (2011) concluded that, the lack of lean thinking when 

implementing lean is the main issue affecting the efficient administration and implementation of 

lean product development practices, and proposed a framework for the prioritization of lean 

development actions.   

        However, as the first step towards addressing these issues, this paper seeks to propose a 

conceptual model for the implementation of lean product development in an automotive related 

company by considering the Critical Factors for the successful implementation of the lean 

thinking practices in the product development process and to provide a guide for determining the 

underlying relationship between these factors and develop a strategies for the successful 

implementation. The study is aimed at providing a roadmap for product development managers 

on the lean implementation route, and to assist them to lead their department as well as the entire 

organization to leanness.    

        This study technically contributes to process improvement of decision making, modelling, 

analysis of lean product development practices and the identification and analysing of the critical 

success factors for lean product development implementations.  
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       The rest of the paper is organized as follows. The following section presents the literature 

review, critical success factors analysis and literature, the conceptual model and implication of 

the new model to Engineering Managers. 

Lean product development framework 

         Over the last two decades, several papers including the theoretical and practical aspects of 

the lean product development practices have been published, where some have focused on 

defining the lean product development (Hoppmann, Rebentisch, Dombrowski, & Zahn, 2011; 

Ms Khan & Al-Ashaab, 2013) other has concentrated on constructing implementation and 

support models and frameworks that include steps and tools for the implementation of lean 

product development practices. The focal point of some of models and frameworks has been the 

development of tools and operational components, the models and frameworks are reviewed 

here.  

       Furuhjelm et al., (2011), provides input to a generic Lean Product Development framework 

by defining an explanatory model for effective knowledge enhancement and execution of 

development projects. The model which consist of a two by two matrix, with value streams, 

Product Value Stream and the Knowledge Value Stream at one hand, product and the Concept 

phase and Implementation phase on the other hand serves as a basis for discussing  how the Lean 

principles, Flow, Visualization, Standardization, and Continuous Improvement could be 

implemented. Wasim et al., (2013) develop a cost modelling system for lean product and process 

to support a proactive decision-making process as well as in the elimination of mistake in the 

design stage using lean enablers like the set-based concurrent engineering, mistake proofing 

(Poka-yoke) and knowledge-based engineering. Al-Ashaab et al., (2010) develop a conceptual 

model and it’sassociated tools which are based on some core lean thinking enablers, which serve 

to provide knowledge-based user-centric design and development environment to support value 

creation to customers in terms of innovation and customization.  

Nepal et al., (2011), through a reflective case study of a lean product development presented a 

lean transformation framework which was based on 13 lean principles of the Toyota Product 

Development System and it was implemented in a manufacturing firm in the US, using design 

structure and cause and effect matrixes for the analysis of the lean transformation and to 

determine the root causes of wasteful reworks in the company.  Hines et al., (Hines, Francis, & 
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Found, 2006) propose a six-step theoretical framework that they hope could serve as a reference 

point for academic discussion on the development of systemic approaches to the lean product 

development process, as well as for industry searching for a framework in their new product 

development process.  

Letens et al., (2011), propose a multilevel framework which captures key lean product 

development principles at the functional, project, and portfolio levels; tools and practices for 

implementing the lean product development practices at each level; and also discuss the 

approaches for managing the interactions between levels. Saad et al. (2013), presents a new 

approach, A3 thinking approach for solving problems in the product design process. 

Narayanamurthy (2014), presents the 7A process selection model for guiding the identification 

and selection of a suitable process for lean implementation. Parry & Turner (2006), develop a 

lean visual process management tools which serve as communication aids and are used to drive 

operations and processes in real time. Wang et al. (2012), presents a step‐by‐step implementation 

framework for lean product development starting from the marketing research on the product 

development process, product design through to the launch of the final product, where the 

framework was aimed at overcoming the weaknesses in the existing framework in terms of 

reliability and feasibility. Khan (2012), presents an innovative model for supporting the 

implementation of lean thinking in the product development environment, where the model 

provides a process for the conceptual development of an engineering project and it composed of 

phases and activities for which methodologies is defined.  

Even with a large number of proposed models and frameworks for implementing lean in the 

product development process, none of the existing models and frameworks accounts for the 

critical success factors that can lead to lean product development performance. Critical success 

factors have a key role in the successful implementation of lean product development as well as 

any other improvement methodology.  

After extensive literature review to identify the critical success factors that can lead to successful 

lean product development implementation, seven (7) main factors have been identified for 

successful implementation of lean product development and are explained in the following 

section. These factors have been summarized in Table 1 along with their literature support.  
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Table 1. Critical success factors in the literature 

 Lean product 

development practices 

Literature support 

(1) Set-based concurrent 

engineering 

(Al-Ashaab et al., 2015; Ms Khan & Al-Ashaab, 

2013; Muhammad Khan et al., 2011; 

Raudberget, 2011). 

(2) Strongproject manager (Al-ashaab, Andino, & Summers, 2013; Al-

Ashaab et al., 2015; Ms Khan & Al-Ashaab, 

2013). 

(3) Cross-functional teams (Cooper & Kleinschmidt, 2007; Kim & Kang, 

2008; Sethi & Al., 2001). 

(4) Supplier integration (Aikhuele & Turan, 2016a; Echtelt & Wynstra, 

2001; Petersen, et al., 2003, 2005) 

(5) Knowledge-based 

engineering, 

(Corallo, Laubacher, Margherita, & Turrisi, 

2009; Ms Khan & Al-Ashaab, 2013; Stenholm, 

Mathiesen, & Bergsjo, 2015; Verhagen, 

Bermell-Garcia, Van Dijk, & Curran, 2012) 

(6) Modularity (Chen & Tan, 1994; Harland & Uddin, 

2014; Pugh, 1996) 

(7) Visual management (Carulli, Bordegoni, & Cugini, 2013; Jurado, 

2012; Parry & Turner, 2006) 
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Critical Success Factors for Successful Implementation of Lean Practices during Product 

development 

          Strong Project Manager: The implementation of the lean practice in product development 

requires the use of a strong and experienced project manager. The task of the manager in this 

case, however, goes beyond the traditional sole management and integration of functions but 

rather unto conducting research and analysis of competitor products with the view to 

understanding the values of the customer. The Project manager is also responsible for the 

translation of the result of the research into a well-aligned goal for the different sectors involved.   

         Set-based concurrent engineering: The set-based concurrent engineering which is 

potentially one of the main underlying cause for the successes recorded by the Toyota Motor 

Company (Allen Ward, Jeffrey K. Liker, John J. Cristiano, 1995) is an organized group of 

principles that allows design practitioners to reason, develop, and communicate about a sets of 

solutions in parallel, and gradually narrow them down based on the knowledge and information 

gained through customers relations and interaction, communication with the manufacturing 

departments, tests/design of prototypes, and other sources. The set-based engineering as a lean 

enabler comprises of five different major perspectives; Strategic value research and alignment, 

Mapping the design Space, Creation and exploring of multiple concepts in parallel, Integrate by 

intersection and Establish feasibility before commitment.  

        Supplier integration: In the lean product design context, the suppliers of the parts for the 

manufacturing of the product are actively involved in all aspect of the PD, right from the early 

stages of the design through to the product launch, this is to avoid misunderstanding and rework, 

also, the involvement of the supplier in the PD process helps in speeding up the process. This is 

in contrast to the traditional product development practices where the suppliers only get involved 

when the detailed design specifications have been developed. Supplier integration as a lean 

enabler is based on the following; Supplier feedback, Supplier development, and Supplier 

support/involvement. 

          Knowledge-based engineering: Knowledge Based Engineering which is an innovative 

method allows businesses including design practitioners to capture product and process 

information and to reuses such information in automating all or part of the process. The main 

objective of this lean enabler is to reduce time to market for the new product and for the 
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reduction of product development cost. This is achieved through the automation of repetitive 

design tasks while capturing, retaining and re-using of the gain design knowledge. The 

Knowledge Based Engineering as a lean enabler is based on the following; Knowledge 

Identification, Knowledge Representation, Knowledge Capturing and Knowledge Re-Use.  

        Cross-functional teams: The cross-functional team is a business practice where a group of 

experts from different section/units with different functionality in a company are brought 

together to work as a team towards a common goal.   

        Modularity: Modularity in the product design and development environment is a practice 

where large product components are built by combining smaller sub-product components. This 

practice is directly related to product development tools like Design For ‘X’, Design for Service 

Design for Assembly, Design for Six Sigma, Design for Disassembly, Design for Environment 

etc.  

        Visual management: Visualizations in product design are mainly related to the 

communication of products and design concepts. The visualization concept helps in supporting 

product managerial tasks at the early product design phase and plays a key role in supporting 

communication between cross-functional teams. The visual management practice help in 

detecting errors at the source and ensure they don’t go farther in the development stage, 

Examples of this practice includes, the parametric systems in CAD, detailed and standardized 

test plans, checklists etc.  

Conceptual Model 

           The introduction of lean thinking in the product design and development environment 

provides a knowledge-based support for value creation for customers by considering the entire 

product life cycle. The new model draws insights partly from the lean product development 

conceptual model developed by Al-Ashaab et al. (2010). The following will proceed to represent 

the lean product development conceptual model taking into account the identified crucial factors 

for the successful implementation of lean product development as shown in Figure 1.  

The Hypotheses regarding the model has been listed below:  

 Visual management affects the implementation of lean product development.  
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 Modularity affects the implementation of lean product development.  

 Set-based concurrent engineering affects the implementation of lean product 

development.  

 Knowledge-based engineering affects the implementation of lean product development.  

 Supplier integration affects the implementation of lean product development.  

 Cross-functional team affects the implementation of lean product development.  

 Strong project manager affects the implementation of lean product development.  

 

Figure 1: Lean product development implementation conceptual model 

 

Although each of the lean practice in the model has been described and discussed individually, 

the lean product development conceptual model is assumed to be an open system with functional 

relationships among its features and can lead to mutual adjustments and interaction among the 

practices. 

          As seen from the reviewed literature, none of the published work on lean product 

development has attempted to link the lean product development process to the lean performance 
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such as in the area of assessment and planning. Likewise, research on generic lean practices in 

the product development (Al-ashaab et al., 2013; Badizadeh & Khanmohammadi, 2011; 

Graebsch, Seering, & Lindemann, 2007; Lolas, Olatunbosun, Steward, & Buckingham, 2007; 

Sopelana, Flores, Martinez, Flores, & Sorli, 2012; Vladu, Dobre, & Miric, 2013) has focused 

primarily on the lean practices and its performance with no regards to the relationships and 

interactions between the lean practice performance and other features such as the capacity of the 

practice. While other researchers have concentrated on the financial aspect of the performance 

(Ahmad, 2012; Kaplan & Norton, 1992; Wasim et al., 2013) and mostly didn’t consider the 

relationship and interactions between these financial aspects and actual lean practice 

performance.  

      Nevertheless, it is likely that the explication of the conceptual model for the lean product 

development as proposed herein will serve as a basis for measuring lean product development 

performance, and will encourage researchers to further examine in details the relationships and 

interactions between the different lean practices in the model. Similarly, the model could serve as 

a support base for performance management as well as improvement efforts in the 

implementation of the different lean practice, also, it could facilitate continuous learning, 

generation of systematic and rigorous findings about implementation of the lean product 

development, as well as addressing the confusion and inconsistency associated with the lean 

performance measurements.  

Conclusion 

            The paper presents a practical, agreeable and critical evaluating conceptual model that 

represents all aspect of the lean product development under a common platform and stands as a 

unifying and a holistic model for the evaluation of all aspects of the lean product development 

process. The proposed conceptual model which is based on the critical success factors explicates 

the relationships between the lean product development process and the lean performance and 

serves as a guide for the development research tools and strategy for monitoring the lean product 

development, as well as in the improvement of the product development process.  

          The model we hoped will allow lean product development researchers and practitioners to 

effectively examine the relationship between the lean product development process and the lean 
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performance; also, it will facilitate continuous learning, the generation of systematic and rigorous 

findings about the implementation of the lean product development as well as contributing to the 

development of the lean product development performance system. 

 

Implications for Engineering Managers 

          The conceptual model derived from this research could reduce the misunderstanding and 

ambiguity in the lean performance measurements as well as provide a holistic and a unifying 

measuring method for all the critical aspects of the lean product development process. The article 

highlights some critical success areas as it relates to performance measurement at the early stage 

of the product development phase through which the lean product development progress can be 

tracked, uncertainty in the design and development process measured as well as in the reduction 

of product design and development risk.   

Practicing engineering managers, most especial those involve in the development of new product 

or in the modification of existing products will found this research very useful as its provides the 

foundation for the development of a unifying performance-based model for the holistic 

evaluation of the lean product design and development performance at the early stage of product 

design as well as providing a base for the study and assessment of lean product design and 

development process.  
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